Chronic adrenal insufficiency (CAI) is characterized by a lack of glucocorticoid and mineralocorticoid production due to destroyed adrenal cortex cells. However, elevated cortisol secretion is thought to be a central part in a well-orchestrated immune response to stress. This raises the question to what extent lack of cortisol in CAI affects stress-related changes in immune processes.
a b s t r a c t
Chronic adrenal insufficiency (CAI) is characterized by a lack of glucocorticoid and mineralocorticoid production due to destroyed adrenal cortex cells. However, elevated cortisol secretion is thought to be a central part in a well-orchestrated immune response to stress. This raises the question to what extent lack of cortisol in CAI affects stress-related changes in immune processes.
To address this question, 28 CAI patients (20 females) and 18 healthy individuals (11 females) (age: 44.3 ± 8.4 years) were exposed to a psychosocial stress test (Trier Social Stress Test: TSST). Half the patients received a 0.03 mg/kg body weight injection of hydrocortisone (HC) post-TSST to mimic a healthy cortisol stress response. Catecholamines and immune cell composition were assessed in peripheral blood and free cortisol measured in saliva collected before and repeatedly after TSST.
CAI patients showed norepinephrine (NE) stress responses similar to healthy participants, however, epinephrine (E) as well as cortisol levels were significantly lower. HC treatment post-TSST resulted in cortisol increases comparable to those observed in healthy participants (interaction effects -NE: F = 1.05, p = .41; E: F = 2.56, p = .045; cortisol: F = 13.28, p < .001). Healthy individuals showed the expected pattern of stress-related early lymphocyte increase with subsequent decrease below baseline. The opposite pattern was observed in granulocytes. While exhibiting a similar initial increase, lymphocytes kept increasing over the following 2 h in untreated patients. HC treatment buffered this effect (interaction effects -lymphocyte%: F = 7.31, p < .001; granulocyte%: F = 7.71, p < .001).
Using CAI in humans as a model confirms cortisol's central involvement in post-stress lymphocyte migration from blood into immune-relevant body compartments. As such, future studies should investigate whether psychosocial stress exposure may put CAI patients at an increased health risk due to attenuated immune responses to pathogens.
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Introduction
Elevated cortisol and catecholamine secretion are thought to be a central part in a well-orchestrated immune response to stress (Dhabhar et al., 2012) . While studied extensively in animals, it is less clear to what extent the inability to mount a cortisol response affects stress-related changes in immune processes in humans. The current study proposes chronic adrenal insufficiency (CAI) as a model for assessing the role of cortisol in stress-related immune cell trafficking.
Stress affects immune cell distribution
Psychosocial stress is associated with increased activity of the hypothalamus-pituitary-adrenal (HPA) axis as well as the sympathetic nervous system (SNS) (Dickerson and Kemeny, 2004) . The major end products of these systems are the hormones cortisol (HPA axis) and epinephrine and norepinephrine (SNS). Stress-induced release of these mediators has a wide range of effects on somatic systems, which generally are thought of as well-orchestrated and thus primarily protective (Sapolsky et al., 2000) . One immune process of particular interest is the migration of immune cells across vascular endothelium (i.e., cell trafficking), for example, from blood or lymph fluid into tissue or a site of inflammation.
